Toxoplasma gondii is widely prevalent in most warm-blooded animals worldwide. This protozoan is transmitted to intermediate hosts through a variety of modes. Humans are mainly infected by eating undercooked or raw meat of birds or livestock and eating food or drinking water contaminated with oocysts. Our aim was to assess T. gondii antibodies in birds. Samples were collected from 335 free-range birds and 50 migrating birds from September 2014 to December 2015. T. gondii antibodies were assayed using the modified agglutination test (MAT). Seroprevalence were verified in 51.4% of 385 birds (MAT titer≥1:20 was seen in 51.3% and 52% of domestic and migrating birds, respectively). Statistically significant differences were not observed among species of birds. Free-range chickens of the central region showed a higher positive level than those of the other regions. However, the study results showed that more than half of the birds in this area are infected with T. gondii and therefore, could be considered as one of the most important hosts and a potential threat for consumers.
INTRODUCTION
The zoonotic parasite Toxoplasma gondii is widely prevalent in humans and most warm-blooded animals worldwide, and is found in almost one third of the human population. There are a variety of modes of transmission of the parasite to intermediate hosts. Humans are mainly infected postnatally by consumption of undercooked or raw meat of birds or livestock containing infective tissue cysts, consuming food and drink contaminated with environmental oocysts and/or via accidental ingestion from the environment (Dubey, 2010b) . Felids are the definitive hosts for T. gondii and play an important role in parasite transmission because they are the only species able to excrete resistant oocysts into the environment. Cats become infected with T. gondii by eating infected tissues from intermediate hosts such as birds and rodents. The bird's role is more important than rodents as birds are clinically resistant to the parasite, they live longer and they may present as the principle source of human infection (Dubey, 2004 (Dubey, , 2010a .
An investigation of T. gondii in birds could be an important indicator of soil contamination with sporulated oocysts due to the fact that they feed directly from the earth and their tissues are considered as a good source of infection. Studies on the prevalence of antibodies to T. gondii in animals can be useful tools in the determination of exposure within a population. There are a variety of serological methods to examine animal exposure to T. gondii. The modified agglutination test (MAT) is often carried out as a test for the detection of infection in birds as it shows high sensitivity and specificity, and it is can be used in multiple species (Dubey, 2010b; Jakubek et al., 2012) .
The present study aimed to estimate the prevalence of T. gondii antibodies in birds from Mazandaran province, Northern Iran, the region with the highest number of birds in the country.
MATERIALS AND METHODS

Study area
The study was carried out in Mazandaran province, Northern Iran. This area is located south of the Caspian Sea, and has a mild and subtropical climate with an average temperature of 25 °C in summer and about 8 °C in winter. It has an annual rainfall average of about 650 mm in the east and over 1,300 mm in the west. The geographic and natural climatic conditions are suitable for agriculture, forestry, livestock and poultry production as well as attracting a huge number of endemic and migrating birds.
Samples and data collection
Samples were collected from 335 free-range birds (243 chicken, 87 ducks and 5 geese) and 50 migrating birds (20 Anas crecca, 20 Anas platyrhynchos, and 10 Fulica atra) from September 2014 to December 2015. These samples were taken from different geographical locations of Mazandaran (east, central and west). The adult birds were purchased randomly from local markets. For each sample we noted the species, location, history and the scientific name of the migrating bird. At least 0.5 mL of blood was taken from the brachial vein of each bird, and was placed into sterile tubes without anti-coagulant, centrifuged at 3,000 rpm for 10 min and sera were separated and stored at -20 °C until assayed.
Serological examination
Serum samples of birds were assayed for T. gondii antibodies using MAT (Dubey and Desmonts, 1987) . In this test, formalin-fixed tachyzoites are used as antigen, and are added to 2-mercaptoethanol to destroy IgM-like antibodies. Two dilutions were carried out for screening of sera (1:20 and 1:160). A titer with a cut-off 1:20 was considered seropositive (Dubey and Desmonts, 1987; Lopes et al., 2008) . In order to find the end titer, positive samples were diluted serially. For comparison, each plate included the positive and negative controls that were verified with the Sabin-Feldman dye test (DT) (Desmonts and Remington, 1980) .
Statistical analysis
The prevalence of T. gondii antibodies was estimated using a chi-square test. The association between serological results and independent variables (species and location) were established with 95% CI. Statistically, the difference between groups was considered significant with P<0.05.
All statistical analyses were performed in SPSS v. 14.0 (SPSS, Chicago, Illinois).
RESULTS
Antibodies against T. gondii were found in 198 of 385 birds (51.4%; CI 95% : 46.31-56.5). Seroprevalence was 51.3% (CI 95% : 45.85-56.8) and 52% (CI 95% : 37.41-66.33) for domestic and migrating birds, respectively. Titers of positive sera 1:20, 1:40, 1:80, 1:160, 1:320, and ≥640 were found in 13 (7.5%), 29 (16.9%), 21 (12.2%), 27 (15.7%), and 61 (35.5%) domestic birds, and in 4 (15.4%), 2 (7.7%), 7 (27%), 9 (34.6%), 1 (3.8%), and 3 (11.5%) migrating birds, respectively. Statically significant differences in T. gondii were not observed among different species of domestic birds (free-range chickens, ducks and geese) or among migrating birds (Fulica atra, Anas platyrhynchos and Anas crecca). Interestingly, when the seroprevalence results were evaluated in domestic birds in the three regions, there was a significant difference among free-range chickens (P=0.018) (Tables 1 and 2 ).
DISCUSSION
It is noteworthy that in the present study, there were various species of domestic and migrating birds. Different serological assays such as IHA, IFA, LA, ELISA, and MAT have been used to detect T. gondii antibodies in birds. However, as some need specific conjugates it was not possible to use them in this study and therefore we used the MAT assay as in addition to not requiring a species-specific reagent it is also highly sensitive and specific (Dubey, 2010b; Jakubek et al., 2012) . Hence, we have successfully developed a MAT method with a cut-off of 1:20 in this region and analysed sera of 385 samples. We found a wide degree of exposure of birds to T. gondii infection (51.4%). Its seroprevalence was 52.3% in free-range chickens, 46% in ducks, 100% in geese (Table 1) , 60% in Anas crecca, 50% in Fulica atra, and 45% in Anas platyrhynchos (Table 2 ). Recent reviews have provided ample evidence that the prevalence of T. gondii antibodies among intermediate hosts of the same geographical area has a widespread distribution (sheep: 20% to 95%, goats: 14.2% to 30%, and birds: 43.1%) . Overall, in Iran the pooled estimation for the prevalence of T. gondii in chickens, pigeons and sparrows using a random-effect model were 20%, 8% and 15%, respectively (Shokri et al., 2017) . Compared to results obtained by MAT in other countries, higher seroprevalence rates were found in Nigeria (100%), Rio de Janeiro (65.1%), and Ghana (64%) (da Silva et al., 2003; Dubey et al., 2008; Ayinmode et al., 2012) , while lower values were reported for China (11.4%), Indonesia (24.4%), and Ethiopia (38.4%) (Yan et al., 2009; Ayinmode et al., 2012; Tilahun et al., 2013) . In fact, close comparison of the present study with other countries is not possible because of different species, different geographical regions, and different cut-off values used. Also, in our study, all of the birds were adults and therefore may have had more opportunities to become infected than younger birds. This is the first seroprevalence survey of T. gondii in this area in migrating birds using MAT. The results showed that antibody titers of positive sera among migrating birds were lower than these of the local ones. This may be associated with their immune systems. An investigation to assess this hypothesis should be carried out. Geographically, there are three large regions in this study: central; eastern; and western Mazandaran. The free-range chicken of the central region showed a higher positive level than the other regions and it seems therefore that this region may be more contaminated.
However, the findings of this study suggest that the pathogen is widespread in more areas of Mazandaran. Cats had an important role in the epidemiology of T. gondii and are the only identified host that can excrete resistant oocysts in the environment. A prevalence of 40% was reported in cats of this area . Infected birds may have acquired the infection from contaminated soil or food, or the surroundings (Dubey, 2010b) . It can be speculated that favourable climatic conditions such as humidity and moderate temperatures would maintain the continuous cycle for the pathogen in the local area of Mazandaran (Cabezón et al., 2011) .
Toxoplasmosis is a zoonotic health problem, and therefore people should be aware of the risk of encountering T. gondii infection. In the study area, the data on the seroprevalence of T. gondii shows that it is at a high level in humans (Daryani et al., 2014) . Frequently, people in Iran consume under-cooked chicken 'kebabs'. This could well be a source of the Toxoplasma infection and therefore a potential threat for consumers (Dubey, 2004) . Birds (half of which are infected with T. gondii) could be considered one of the most important hosts in the parasites' epidemiology and their role in the transmission of this disease to other animals should be further explored.
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